Many earlier studies that have addressed the problems related to forest land changes in tropical countries have analyzed the effects of demographic and economic conditions either using cross-country data (e.g., Capistrano 1994 , Palo 1994 , Rudel 1998 or sub-country level data (e.g., Kummer and Sham 1994, Panayoutou and Sungsuwan 1994) . However, in the new institutional economics it has been argued that in addition to economic factors, such as the relative prices, institutional factors also affect economic development (e.g., North 1990 ). In the context of land use and forestry, the impacts of institutions have been examined by Bromley (1989 and , Wallace and Newman (1986) , Mendelsohn (1994) , Deacon (1994 and 1999) , Besley (1995) , Zhang (1996) , Zhang and Pearse (1996) , Laarman (1997) , Yin and Newman (1997) , Place and Otsuka (1998) .
In this study, we examine the role of economic and institutional factors in the development of both plantations and natural forests in the Province of Hainan. One of the reasons why development of plantation forests has been rarely studied is that plantation forests are still relatively small in the tropics, and successful plantation programs are even more rare. With its established programs aimed at increasing forest plantations, the case of Hainan Island provides a good opportunity to shed some light on the underlying causes and long-term development of forestry in LDCs. In particular, we are able to address some of the factors that may reverse the decline in total forestland area.
A major innovation of this paper is to distinguish between natural forest and forest plantation, and contrast how various factors or same factors affect the two differently. Forest transition is the consequence of the shift from natural forest exploitation to harvesting managed forests. Of particular interest in Hainan, as in other LDCs, is the effectiveness of structural adjustment policies aimed at adjusting government control, clarifying forestland property rights and improving the possibilities for their enforcement. We also consider the roles of relative prices and transition policies in determining forestland changes in Hainan. Our relatively long panel data allow us to use regional dummy variables that are able to capture environmental and other directly unobservable differences across counties.
We start by describing the forest sector and economic reforms in Hainan province. The third section introduces the theoretical model for land allocation among different uses leading to an estimable land allocation function. The following section introduces the panel data. Estimation results, for both natural forests and plantations forests, are presented after this, followed by conclusions. It is widely agreed that the forest cover was about 30% at the beginning of the 1950s and the remaining forests were mostly located in the center of mountain ranges (HAZC 1980) . Since 1950s, the rainforest had suffered further from logging due to growing demand from within and outside the island. As harvesting was carried out like mining and there was insufficient silvicultural investment, Hainan changed from being a net timber exporter in the 1950s-1970s to an importer in the 1980s. Tropical crops were introduced in Hainan at the beginning of this century, but it was not until the 1950s that they started to expand dramatically as a result of increasing domestic demand for natural rubber materials (trade was blocked by the western world at that time). Over the past decades, agricultural land has not expanded significantly, while shifting cultivation, which has been widely practiced by local minorities, has destroyed large tracts of rainforest. It is estimated that 2,700 ha of forests were destroyed annually in the 1970s-1980s (Bao 1991) . After three decades of destruction, the forests shrank to their minimum level, 15% of total land area, in the late 1970s (HAZC 1980) . During the last two decades the decreasing trend in forestland area has been reversed and this area in Hainan is presently expanding (see Figures 1-3 ). This provides empirical support for the `forest transition' hypothesis claiming that the declining forestland area will eventually begin to increase as the country develops as suggested in Mather (1990) , Hyde et al. (1996) , Rudel (1998) and Zhang (2000) among others. Since 1990, income from wood-chip exports has become an important source of foreign currency earnings and an important part of rural economy. Physically, forest expansion has been directly caused by massive plantation of forests both for producing raw material for wood-chip production and for environmental functions such as wind-break and water conservation. Also, the rehabilitation of degraded land by closing access to it and a significant reduction in logging of natural forest through stricter regulation have had a positive effect on maintaining rainforest.
Land tenure and administration in Hainan does not differ noticeably from that in the rest of China. The only special feature is that state-owned forest is mixed with collective forest and that forests play a special role in the island's environment and eco-tourism. Under China's Land Reform implemented in 1950 Reform implemented in -1956 , all land owned by landlords was confiscated and most of it distributed to local farmers. However, remote areas, particularly in the central island, i.e. the rainforests, were reallocated to the state-owned logging firms. During the 1950s and 1960s, about 350,000 ha of forestry land was allocated to state logging firms, of which 80% went to the 11 largest ones (HAZC 1980). In socialistic transformation that started in 1957 the land was transferred from individuals back to the collectives in the first phase of collectivization, and then to the People's Communes in the second phase. The People's Communes continued until the Mao's death in 1976. There were also a couple of episodes of de-collectivization, e.g., after the collapse of the Great-Leap-Forward in the late 1950s (Walker 1965) . Compared to agriculture, the forestry sector was much more collectivised and centralized. 800.00 600.00 400.00 200.00 0.00 1955 1960 1965 1970 1975 1980 1985 1990 1995 Inventory (100 000 m3 The economic reform started in the late 1970s. The most significant reform in agriculture has been the introduction of the Household Responsibility System (HRS), which actually represents a kind of privatization of land use trees in Hainan. A project, referred to as "2 million mu (15 mu = 1 ha) joint plantation of fast-growing and high-yield species of trees", was formally launched in 1982. The joint partners were the Ministry of Forestry, which provided the capital, the local collectives, which provided the land, and the local people, who supplied labor. Encouraged by this initiative, several other joint plantation projects followed. A few banks, including the World Bank, provided substantial loans for these projects.
In general, these projects were successful. A total of 130,000 ha of eucalyptus and some other fast growing species of trees was planted between 1982 and 1995, accounting for more than one third of plantation forests during this period, and contributed to a 4% increase in total forest cover. The General Fast-growing Plantation Forest Company, established in 1984, has been in charge of administration, technology assistance, and the wood-chip export monopoly.
Closed access management of degraded forestry land From the 1950s to the 1980s, the category of degraded forestry land, including, e.g., open forest, shrubs, and long-term fallow, was larger in area than the other categories of forested land. Degraded forestry land accounted for one quarter of the total land area in the mid-1970s (Figure 3 ), resulting to a great extent from repeated damage caused by fuel-wood gathering and shifting cultivation (HAZC 1980) . Along with population growth, economic development and advances in silvicultural techniques, some good location and productive bare land has been afforested. Closed access management, which has been mainly applied to degraded forestry land, has greatly accelerated its rehabilitation. Exclusiveness is a pre-requisite for silvicultural investment (Zhang and Pearse 1996) . In Hainan, contracts between the local collectives, who own the land and trees, and households, who receive an annual guardian fee or share of the return from the final harvests have been used to reduce the costs of exclusion. Thus, this arrangement individualizes some of the benefits from enforcement of the forestland property rights at low costs, serving as a kind of privatization. During the 1980s, it was estimated that more than 100,000 ha of degraded land had been rehabilitated in Hainan by this approach (Zeng 1994) , and almost the same area during the 1990s. Therefore, 6-8% of the total territory has been reforested by this method.
Restrictions on timber production from tropical rainforests the marginal products of land and composite input are positive but decreasing in each land use category. Setting up the Lagrangean, we obtain:
The Kuhn-Tucker conditions are:
The terms pi ay, are the marginal income from additional land to be used. -fore, they can be treated as exogenous variables (Besley 1995) .
Before proceeding, we divide land use in Hainan into 4 broad classes (see Figure 3 and able 1). In Table 1 Counties in Hainan are economic and administrative units, but they also reflect the natural, geological, economic and even social integration of each unit. Therefore, the cross-section observations in the study are based on counties. Investigation (HFB 1957 (HFB -1995 (Greene 1997, p. 623 ). This clearly is the case in the present study, because our sample includes all the counties in Hainan. Therefore, the estimated parameters cannot be used to. predict behavior outside the present sample, although our method should be applicable in other studies of land allocation.
As macroeconomic, as well as geographic and socio-economic factors, are likely to affect land allocation in different counties in Hainan, we allow contemporaneous correlation of cross-section units (Greene 1997 , p. 658, Hsiao 1986 . Lagged values of exogenous variables did not improve the statistical performance of the two estimated equations. Therefore, to take into account the relatively strong autocorrelation in the data, the Cochrane-Orcutt transformation is used and the model estimated using the iterative Generalized Least Squares method (Kmenta 1986 pp. 622-625, Greene 1997 The period we examined covers the years from 1957 to 1994. The years 1980 to 1987 were characterized by uncertainty concerning the direction of economic reforms, which were in an experimental phase. Farmers and local, even provincial, government officials did not know whether and how the reforms would be carried through. Forests suffered greatly from this uncertainty across the country. Therefore, a dummy variable, DU, is used to allow both the intercept, and the slope of the de-collectivization (H) to differ from the rest of the period studied.
To examine the difference between managed (mainly plantations) and natural forests (mainly rainforests), a behavioral model is estimated for both categories4. As stated above, hardwood price is used as the timber price for the rainforest; the timber price for plantation forest equation is the price of timber produced from plantation, mainly Eucalyptus. Although the same economic principles apply to managed and rainforests, the development of managed and rainforest areas may respond differently to relative prices and the institutional variables because investment in plantation forestry resembles investment in other sectors, such as agriculture, while harvesting of natural forests is a mining-like activity.
In the case of rainforest, only 8 of the 13 cross-section units were of significant size during the period studied. The harvesting of rainforest has been regulated: it is either that only a selective cut has been allowed since the late 1970s or harvesting has been prohibited altogether since the mid-1980s (in other words they have become "managed forest"). Therefore, we exclude the 5 crosssection units where rainforests make up less than 2% of the total area of the county (in the late 1970s) and the period after 1985 in the regression model explaining the area of rainforests.5 The total number of observations is 72 (8 units for 9 points in time). The estimated function includes the same explanatory variables as equation (7).
ESTIMATED RESULTS
The estimated results for managed forest and rainforest obtained with equation (7) are given in Table 2 . Standard errors clearly decreased when crosssectional heteroscedasticy and contemporaneous correlation were allowed, indicating an increase in efficiency when using GLS. However, some of the variation between cross-sectional units is not explained by the variables included, as indicated by the statistically significant regional dummies. In order to take care of the directly unobservable regional differences, such as climate, topography and history, etc., a common intercept and 12 regional dummies were retained. Because the estimation periods differed, seemingly unrelated regression (SUR) -method could not be used to estimate the managed and rainforest equations together and to improve the efficiency of the estimates. No significant contemporaneous correlation between the error terms from the equations for rainforest and managed forests was found when the same sample length was used.
14 As expected, higher timber prices promote forestry investment in managed forest as measured by plantation forest cover. However, the rainforest land area decreases as timber price increases, implying that the increasing hardwood price has, at least in the past, increased mining-type harvesting of rainforests. The agricultural product price has a positive impact on both managed and natural forest cover. This runs counter to the theoretical hypothesis, and suggests that rising agricultural product prices do not lead to encroachment on forestland in Hainan. In a developing subsistence economy, this result may be due to the fact that farmers can meet their income needs with less harvest income when agricultural prices increase. Also there does not seem to be any serious conflict between agriculture and forestry. A similar result was obtained for mainland China by Yin and Newman (1997) . Plantation forests respond negatively to the tropical crop product price, implying that tropical crops compete for land with plantation. However, the rainforest and tropical crops may even be complementary as indicated by the positive coefficient of tropical crop price in the rainforest equation.
Like many other studies, our estimated results indicate that population has a negative effect on rainforest coverage. This suggests that growing population generally causes some rainforest to be converted into agricultural, industrial and residential land, and probably into wasteland after logging. However, the managed forest area in Hainan has increased with population. Thus, rising population has speeded up the exploitation of natural forest, but may have promoted plantation in Hainan.
The effect of economic development (or welfare), measured by per capita output value, also has a positive effect on managed forest cover. One explanation for this may be that economic development reduces transportation costs and costs of protecting property rights as infrastructure and law implementation are improved. The economic development may also have demand side effects. Strengthening demand for timber is reflected in timber prices. However, a wealthier society may also appreciate the in situ benefits of forests causing a positive correlation between plantation forest and GOP. For example in Hainan, about 20% of plantation forest is intended for environmental purposes. The positive effect of GOP on managed forests does not contradict the negative sign of GOP in the rainforest equation. Natural forests are examined over the period . Since then harvesting in rainforest has been fully regulated, indicating increased environmental concerns and a change in preferences towards protection of natural forests. The expansion of managed forest accelerated in the 1990s in line with the economic growth. Cross-sectional differences
The regional constant terms represent differences between counties that are omitted from the model because the data necessary for their inclusion are not available (Hsiao 1986) . Even if it is not possible to explain all regional variation with the available data, the estimated regional constant terms can be used to study possible reasons for this variation. In the present case, it can be assumed that regional differences are at least partly due to natural and geological factors (e.g., Hoshino 1996). As we have only 13 cross-section units for managed forest (8 units for rainforests), the results must be considered with caution. However, in order to tentatively test whether geological factors explain the regional differences, we regress region-specific constants, a*i (a*1 =a1; a*, =al+a;, for i :t-1), on the share of mountain land (%) above 500 m sea level, ML, the share of hilly land (with an altitude between 250-500 m above sea level) plus Rainfall does not explain regional variation in managed forest and rainforest. This is also understandable. Rainfall might be important for timber volumes per land unit, but not necessarily for allocation of forestland. The region that was first settled is on the western coast of the island where rainfall is much lower and cultivation is easier. Rainfall helps forest grow but it also helps agriculture, and the accessibility of rainforest mostly depends on distance and topography rather than the types of rainforest, which are determined by rainfall.
CONCLUSIONS
This study has demonstrated that natural forestland area and plantation forests react differently to economic and institutional factors explaining their 6 The lower statistical significance of the coefficient for mountain area in the rainforest equation is clearly due to the fact that we have omitted counties without mountain regions, where there is no rainforests left. Therefore, mountain area may be more critical for rainforests than our regression shows. development over time. Therefore, studies explaining the development of aggregated forestland area may give misleading results and also their policy implications could be questioned. According to our results, higher timber prices have promoted clearing of rainforests in Hainan. In contrast, higher timber prices seem to have been an incentive to investment into forestry and have had a positive effect on the expansion of plantations in Hainan. The conflict between agricultural and forestry land seems to be less serious than the conflict between tropical crops and forest plantations.
In Hainan, there is much land that has a defined owner, but the owner is unable or unwilling to enforce property rights making these areas in effect open access. Due to, e.g., poor land quality and low output prices revenues may not have been sufficient to cover the costs of protecting the property (cf. Allen 1991 and Barzel 1997) . Consequently, the property rights are not enforced and inactive management is a rational choice. In spite of this, land tenure reforms play an important role in forest investments in China. Empirical results of this study suggest that de-collectivization in the form of the household responsibility system is an incentive to forest investment into plantations, but may have initially increased rainforest exploitation.
Privatization is not the only way to reform land tenure. Changes in land tenure characteristics, such as renting, transferring part of property rights to individuals and cooperatives among different input owners, may also promote forestry. For example, the increased control of state owned forestland by stateowned enterprises has increased plantations but it has also promoted clearing of rainforest. Therefore, these results suggest that privatization and increasing timber prices do not necessarily help rainforest conservation and that public intervention as practiced in Hainan to protect rainforests has been justified. Population growth is not necessarily a serious problem for forestry development when managed forestry is concerned. The existing potentially forestable land area is as large as the currently forested land in Hainan (see Figure 3) . Therefore, deforestation resulting from agriculture and industrial expansion may actually not be as big a problem as the non-active management of this forestable land.
Finally, some limitations of this study should be noted. Our data were collected mainly from official sources. Changes in conceptual definitions and statistical data collection methods occurred during the observation period. Also, land reforms affecting other land categories (such as real estate business and agricultural sectors) that clearly have direct or indirect influences on the relative value for forest management could not be studied. However, the results indicate that when studying land allocation between forestry and other land uses, it is important to disaggregate forest land into managed and natural forest in order to derive relevant policy implications.
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